Introduction
Major depression is one of the most common psychiatric disorders present in the general population, with a lifetime prevalence of 12.8%, and 12-month prevalence range between 3.6% and 9.1% in Europe. The Global burden of disease study has identified depression as one of the leading causes of Years Lived with Disability (YLD) and Disability Adjusted Life Years (DALYs), emphasizing the importance of non-fatal health outcomes in the quantification of disease burden [1] .
The cost of depression presents a growing economic burden on European society. It has become a major concern for European economic welfare that has consequences for healthcare providers and policy makers. In 2004, the total annual cost of depression in Europe was estimated at 118 billion Euros, making it the most costly brain disorder in Europe [2] . The cost of depression in Asia is also a huge economic burden. The mean annual total cost per depressed patient in 2008 was 7638 US dollars in Singapore, a developed country in Asia [3] .
Depression is treatable. The current response rate to antidepressants is between 62% to 67% [4] , and patients show improvement in depressive symptoms by the end of the first week of use [5] . However 60% of people with depressive disorder do not receive any kind of healthcare for this condition [6] , and most of those who manifest a need for care are treated by a general practitioner (GP) [7, 8] . According to most of the clinical practice guidelines, the monitoring of patients should be close, at least during the first 4 weeks, then monthly or every 2 months. Many GPs work under extreme pressure and limited time for patients has been identified in the literature as a barrier to good assessments and treatment [9] [10] [11] .
Half of people experiencing a first episode of depression will develop chronic or recurrent depressive disorder and will spend more than 20% of their life in the depressive condition [12] . Most patients will eventually experience either a relapse (another depressive episode within 6 months after response) or recurrence (another depressive episode 6 months or more after recovery), if followed over a long enough period without sustained treatment. If followed over a 15-year period, almost 90% of patients could be expected to become depressed again after experiencing an acute depressive episode [13] .
As stated above, depression is the most prevalent mental disorder. It has a high tendency for relapse and recurrence, is one of the leading causes of YLD, and creates a growing economic burden on healthcare systems. For all this, depression has become a global public health concern and strategic efforts are needed to manage this challenge and provide the best care to meet the needs of patients suffering from depression.
Advances in communication and information technologies have raised expectations for healthcare. As stated by Zhang and Ho, Electronic health (E-health) is an efficient way to deliver healthcare services which allow interaction with patients via internet, smartphone and text message technology [14] .
Beating the Blues, in the UK [15] , and MoodGym, in Australia [16] , are two examples of evidence-based treatment programs already in place for mild to moderate depression. As far as we know, there is no tool currently being used to track the changes of short-term and long-term progress in patients with depression, even though the widespread use of mobile phones and computers make continuous remote follow-up of the patient completely feasible. The goal of this paper is to present a model for continuous monitoring and tracking of depression in patients, throughout the short-term and long-term treatment process. The proposed major depression monitoring system facilitates a more frequent follow-up of patient progress during their home stay after being diagnosed with depression by a psychiatrist. It is important to make clear that this model does not intend to substitute the physician or the psychiatrist, but rather it gives extended information about the changes suffered in patients, which doctors do not usually have access to due to the infrequency of visits they are able to make with each patient in relation to clinical assistance pressure that Public Health Systems often suffer.
Computer Methods and Major Depression
Different computer methods are applied to different types of depression problems with diverse goals. In this section we try to summarize some of these studies focusing mainly on major depression.
The first group of studies is mostly concerned with the problem of diagnosis of depression type and severity, trying to provide different automatic diagnosis tools or classification techniques for these diagnoses [17] [18] [19] [20] [21] [22] . There are also some studies in this group focused on evaluating and improving the diagnostic and therapeutic reasoning of primary care physicians [23] . The second group of studies tries to solve the problem of monitoring treatment efficiency in different treatment types, such as pharmacological or Cognitive Behavioral Therapy (CBT) and individualized therapy [24] [25] [26] . The third and smaller group of studies focuses on the recurrent nature of depression, either predicting relapse or providing support to prevent relapse and recurrence of depression symptoms.
Aziz et al. designed and developed an ambient agent system to support relapse prevention and early alerting of recurrence of unipolar depression based on the collected data from sensors and questionnaires [27] . The domain model is based on several personal characteristics and a representation of events (i.e., life events or daily hassles). The proposed model has been tested by several simulation experiments, but there is still a lack of experimentation in real world conditions.
Empath is a comprehensive real-time home depression monitoring system that aimed to provide caregivers with more accurate and thorough information about the client's current functioning, thus helping in their diagnostic assessment and therapeutic treatment planning [28] . It also helps patients in the management and tracking of their symptoms. Empath incorporates factors such as speech, sleep, weight, and movement and is designed for home monitoring of people who live alone. It has been tested by way of a case study, but further investigations are needed.
A project related to depression monitoring and similar to Empath was set up by MIT and Mass General Hospital using their LiveNet system [29] . LiveNet is able to collect similar behavioral features as Empath, however it requires costly mobile physiologic sensing technology and is not designed for daily home monitoring since it monitors patient response to electroconvulsive therapy in a hospital setting. Optimisim App is another application that is designed for bipolar patients but is customizable for other mental disorders as well [30] . Optimisim's main goal is to actively involve patients in their treatment by providing an environment for self-reporting many factors as well as follow-up charts and reports.
However, it does not provide reasoning or diagnosis based on the collected information; instead it mainly focuses on representation of collected information in synthetic and interpretable form.
ICT4 Depression is a European project that has already been completed in which a mobile solution for the treatment of depression, called Moodbuster, has been developed [31] . The research done in this project is closely related to our work. Moodbuster integrates different data from mobile phone apps, physiological sensors, the adherence monitor which is accelerated every time a patient opens and closes the drug container, and a website with different tools and self-management modules that have been shown to be effective in face-to-face and internetbased treatments. It has a reasoning module that translates sensor information and patient provided information together into therapy information. However, the cost would not be negligible if the proposed approach is to be available to and used by a large number of patients, that is any patient who suffers major depression.
In summary, despite the recognized magnitude of the problem of recurrence and relapse in depression patients, little attention has been focused on applying low cost technologies to find patterns in patients' progress in order to provide the necessary support in the early stages and prevent further development of depressive symptoms. Accordingly, one major possible effort towards reducing the disabling effects of depression could be a shift toward preventing the recurrence of it, especially in patients with a high risk of recurrence.
Methods
As mentioned before, little work exists on the development of monitoring systems that goes beyond the compilation of data streaming from sensors, questionnaires, and clinical registers, and that give basic medical feedback to patients and doctors based on the collected data. Our research is centered on the design and development of a major depression remote monitoring system that performs an automatic assessment on the progress of the patient on a short-term. The architecture of the proposed approach is presented in Figure 1 . It is composed of the Patient Assessment Unit (PAU) and the Communication Module (CM).
The goal of the PAU is to follow the progress of the patient in the short-term, during their recovery, in order to understand their behavior and give advice to patients, psychiatrists, and primary care physicians. The Communication Module (CM), communicates between the monitoring system and the actors involved by means of mobile phones, computers, and/or tablets. This paper is focused mainly on the PAU, which is a key element of the major depression monitoring system and that is based on a new qualitative reasoning approach. The qualitative reasoning process proposed in this research can be applied to other systems, not necessarily in the field of medicine, which have similar behaviour characteristics to the system discussed in this article. Before going through the description of the PAU it is necessary to briefly describe major depression characteristics. It is now generally recognized that depression is a multifactor disorder characterized by phenotypic heterogeneity and having complex genetic, experiential, and developmental causes [32] .
Major depressive disorder is a medical condition characterised by depressed mood and/or loss of pleasure in most activities [33] . Five of the nine following symptoms have to be experienced by the patient in order to be diagnosed as MDD: significant weight change (5%) or change in appetite, change in sleep patterns (insomnia or hypersomnia), change in activity (psychomotor agitation or retardation), fatigue or loss of energy, cognition abnormalities (such as inappropriate guilt and feelings of worthlessness), diminished ability to think or concentrate, more indecisiveness, and/or suicide thoughts or plans. Symptoms must persist throughout most of the day, be present nearly every day for at least two consecutive weeks, and produce a significant impairment to the patient's daily life. To count toward a major depressive disorder, symptoms must be newly present or must have clearly worsened compared with the patient's pre-episode status.
As described in Figure 2 , PAU receives the following information (input data): the clinical data of the patient (personal information and clinical history); the patient's mood and life events that are obtained from the patient's responses to specific questionnaires (PHQ-9, M.I.N.I. and Brugha); and physiological data obtained from weight, sleep, and movement changes. The CM is responsible for scheduling patients' measurements and transmitting the results of PAU to the actors involved.
The PHQ-9 is a depression assessment measure, which scores each of the 9 diagnosis criteria of this mental disorder. The questionnaire is designed to assess the patient's mood over the last 2 weeks [34] . It has been suggested that scores between 0 and 4 reveal minimal depressive symptoms; scores between 5 and 9 reveal mild symptoms; scores between 10 and 14 reveal moderate symptoms; scores between 15 and 19 reveal moderately severe symptoms; and scores between 20 and 27 reveal severe depressive symptoms. Several studies support its validity, feasibility, and its capacity to detect changes of depressive symptoms over time [35] [36] . It has also been proven that reliable results can be obtained even when this questionnaire is conducted over the telephone [37] .
The Brugha questionnaire is a self-reporting questionnaire that examines the incidence of 12 categories of negative life events over the last 6 months [38] . The questionnaire assesses life
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Primary ca re Phys ician WWW WWW stressors which pose medium or long-term threats such as illness or injury, the death of a close friend or relative, unemployment, financial loss, and loss of important relationships. The use of this questionnaire in our system is to help understand certain variations in patient progress that would be inexplicable without such information.
The Mini-International Neuropsychiatric Interview (M.I.N.I.) is a short structured diagnostic interview, developed jointly by psychiatrists and clinicians in the United States and Europe. The M.I.N.I. has two goals: first, to meet the need for a short but accurate structured psychiatric interview for multi-center clinical trials and epidemiology studies, and second, as a first step in outcome tracking in non-research clinical settings [39] . In this research we only use the M.I.N.I. suicide risk questionnaire in order to detect suicidal intentions when a patient gives the highest value to question 9 of PHQ-9 (i.e., thoughts that you would be better off dead or of hurting yourself in some way). It is important to note that this research strictly follows the established mental health guidelines of the Institute for Clinical System Improvement (ICIS) [40] and tries to follow the standardized interface terminology, the Omaha system, developed for these guidelines [41] . PAU processes these inputs by using two modules: the Patient Progress Module (PPM), based on a qualitative reasoning model and the Analysis Module (AM), based on expert knowledge and a rules-based system. Outside the PAU, the Communication Module (CM) provides the required information to patients, primary care physicians, and psychiatrists, as shown in Figure 2 .
PPM allows for tracking the progress of patients during a short-term basis (15 days) in order to characterize their reestablishment to the mental health pattern. PPM is centered on the overall rate of the PHQ-9 questionnaire. AM defines a framework for assessing both the process of healing and the patient's risk/hazard level for each stage of treatment, starting from the input data described before and the short-term patient progress status, which is the output of PPM (see Figure 2 ). The use of the word "risk" here refers to the possibility of the patients to get worse clinically, and has nothing to do with the risk of not taking the medication. CM has two responsibilities. The first responsibility is to schedule the registration of the patient's data every 2 weeks and make it available to the rest of the PAU modules; second it is responsible for sorting the risk data derived from AM and providing adequate information to the different actors involved in the treatment process, which are the patient, primary care physicians, and psychiatrists.
PAU's dynamic works as follows, every 2 weeks the PHQ-9 is administrated to the patient and he/she is asked about possible negative life events that have occurred during this time period. If needed, patients are assessed using the Brugha and/or the M.I.N.I. questionnaires to obtain extra information related to life events and the risk of suicide, as explained before. Then the patient responds few questions related to weight, sleep, and movement general changes; with respect to the last time the patient was questioned.
The PHQ-9 data are given to the PPM, which produces information of the patient's progress as an output. This information, together with the rest of the data gathered from the patient, is used by the AM to perform the reasoning and give feedback to the actors involved in the healing process. The details of the PPM, AM, and CM are given below.
Patient Progress Module
The challenge of developing a model that would be capable of capturing all of the possible patient's progress patterns is of major concern. PPM is based solely on the overall rate of the PHQ-9 questionnaire. A PPM model based on each individual question of the PHQ-9 does not make sense at this point, because only the PHQ-9 as a whole is an instrument for clinically measuring the depression level. This statement is based on the guidelines established for depression management by the Macarthur Foundation Initiative on Depression and Primary Care [42] .
In order to have as much information as possible, patients should be asked to answer the questionnaire every 2 weeks. A set of three PHQ-9 measures is used, corresponding to a period of 1 month, in order to omit normal mood fluctuations. The qualitative model is designed in a way that omitting these normal fluctuations does not lead to a loss of important information in providing alarms. This idea is shown in Figure 3 . There are two situations where it is mandatory to use only two measures. The first one corresponds to the initial period, when the patient has answered the questionnaire only two times since the follow-up began. In this case, the PPM gives feedback to the actors involved in the treatment process using the information registered during these two weeks. The second situation occurs when the patient does not answer the questionnaire at the time required. Under these circumstances, the time period between one measure and the next, that is when the patient answers the questionnaire again, might be very long. In this case, the measures are not symmetric from the time point of view and the ante-penultimate measure loses its relevance. Therefore, the best strategy is to use only the last two measures and take into account the time elapsed between them.
To characterize patients' dynamic responses to treatment, three main variables are used to define each state of change in status. These three variables are direction, velocity, and quality of change. The direction describes the tendency of the patient's changes in the PHQ-9 measures and it is discretized into three classes: worsening, improvement, and without changes (stuck). The velocity describes the speed of the patient's PHQ-9 changes and is also discretized into three classes: quick, slow, and normal. Finally, the quality of change describes the shape and has three possible representations: maintained, intuited, and oscillated. Figure 4 describes the meaning of the three classes of both direction and quality of change variables.
As is shown in Figure 4 : maintained means the direction (without changes, worsening, or improvement) is continuous during the period analyzed, that is the direction is the same in consecutive PHQ-9 measurements pairs; intuited means there is an overall worsening or improvement but the direction is not kept in consecutive measurements pairs; and oscillated means that the direction of the first measurement pair is the opposite of the direction of the second pair. The velocity is defined by means of five constants (k 1 to k 5 ), that represent the change of PHQ-9 values between times (t) and (t-2) (see Figure 3 ), which are quantified based on expert knowledge from psychiatrists. The minimal change value considered clinically significant in terms of PHQ-9 is k 1. A patient responding the questionnaire twice in the same day could have a slightly different overall rate of PHQ-9 each time. These small variations in PHQ-9 answers are filtered by k 1 . Constants k 2 and k 3 represent an improvement in the depression level and correspond to a normal and fast improvement from a psychiatric perspective, respectively. Constants k 4 and k 5 represent a worsening in the depression level and correspond to a normal and fast worsening, respectively. If we define Δ= PHQ-9(t-2) -PHQ-9(t), then the slow class is characterized by the equations k 1 <|Δ|≤ k 2 for improvement and k 1 <|Δ|≤ k 4 for worsening; the normal class by k 2 <|Δ|≤ k 3 for improvement and k 4 <|Δ|≤ k 5 for worsening; and the quick class by |Δ|> k 3 for improvement and |Δ|> k 5 for worsening. These constants represent monthly rates. In cases, as mentioned earlier, where only two measures are taken into account, these constants are proportionally adjusted.
The different progress patterns shown in Figure 4 , combined with the velocity variable, form the short term PPM composed of 20 rules. Table 1 presents an example of 2 of these rules that conform to the PPM. The terms Δ1 and Δ2 are defined as Δ1= PHQ-9(t-1) -PHQ-9(t) and Δ2= PHQ-9(t-2) -PHQ-9(t-1).
TABLE 1 AN EXAMPLE OF TWO RULES THAT COMPOSE THE PPM
IF (Δ > k1) AND (|Δ| > k3) AND (Δ1Δ2 < 0) THEN patient's progress is: improving quickly in an oscillation manner IF (-k1 ≤Δ≤ k1 ) AND (Δ1.Δ2>0 ˅ (|Δ1|≤k1 ˄ |Δ2|≤k1)) THEN patient's progress is: no changes in a maintained form Therefore, the output of the PPM is a description of the patient's progress in terms of the values of each previous variable: direction, velocity, and quality of change. An important feature of this module is its ability to dynamically self-adjust the interpretation of the patient's progress depending on the different stages of treatment.
According to medical literature related to MDD's response to medication [43] , there are four treatment stages: initial, partial response, response, and remission, which are defined by the patient's progress behavior. The initial stage is the period of time in which there is no evidence that the treatment is acting. In the partial response stage the antidepressant starts functioning, but a reduction of 50% of the severity of symptoms' on the depression scale (i.e. PHQ -9) is not yet reached. The response stage is reached when there is a reduction of 50%, suggesting that there is a response to medication. Finally, the remission phase starts when the patient is asymptomatic (i.e. no longer meets syndromal criteria for MDD and has no more than minimal symptoms). When reaching this phase the patients should continue taking the antidepressant for 6 months to 1 year. In this study, in order to capture patients' progress behaviors more precisely, we have extended the number of treatment stages to eight, in such a way that the new stages are based on the original four. Therefore, the stage will not change until the patient starts improving. Finally, RV stage is reached when, over more than 43 weeks, a patient's PHQ-9 overall rate is less than k n (k n is a constant, set by experts, that defines the normal range of PHQ-9).
PPM is able to characterize these stages using the patient progress rules described before and interpreting the rules appropriately in each phase. For example, the second rule described in Table 1 has two different interpretations in the IN (initial) and CR (consolidated response) stages. If the patient is in the IN stage a "no changes in a maintained form" behavior might be reasonable since it might take some time for the treatment to start functioning. Therefore, a green light is set. However, "no changes in a maintained form" is not a desirable behavior when the patient is in the CR stage. In this case, a yellow light is chosen to alert primary care physicians and psychiatrists of this fact. Each rule used by the PPM has been discussed and evaluated with the psychiatrists of Parc Sanitari Sant Joan de Déu and each constant value has been defined following their advice.
Analysis Module
The AM is a rule-based model that processes a set of heterogeneous information related to the patient with the goal of monitoring and assessing the process of the patient's healing. It should present the information to the actors involved in an intuitive way that does not require too much interpretation time. To meet these requirements, the output of the AM is designed to provide synthesized visual information, and relevant and detailed information of the reasoning or analysis process. Such information will not only be very helpful for both doctor and patient, it will also be essential to facilitate the psychiatrist's decision making. The set of heterogeneous information that the AM requires during the reasoning process is the following:
 Progress of the patient state (i.e. the inferred rules obtained by PPM),  Incidence of new major stressful life events (i.e. Brugha questionnaire),  Significant variations in the physiological data (i.e. sleep, weight, and movement sensors),  Preexistence of alarms in the past weeks,  Number of weeks passed from the beginning of the medication,  Clinical history of patients regarding to prior suicide attempt or prior recurrence or relapse,  Continuous high risk response to persistent suicidal thoughts (i.e. question 9 of PHQ-9 questionnaire and MINI's suicide section).
The AM's rules system processes this set of inputs in order to establish the effectiveness of the patient's treatment. AM produces two levels of conclusions: first it provides a classification that, in a very synthetic way, warns if the treatment progresses successfully, if the progress is non-satisfactory, or if the treatment is failing or has a high risk of failure; second it stores information about the rules that have been shot in the reasoning process and that allow an explanation of the above classification. This information allows the CM to provide feedback to stakeholders. Table 2 shows examples of three rules used in the AM reasoning's processes based on a combination of the heterogeneous information sources available. The concepts of Semaphore, AM_Assessment, and Message that appear in the consequent rules are explained in the CM section in detail. Every 2 weeks patient's information is updated (scheduled by the CM) and a short-term analysis of the patient's state is performed by the PPM and AM. The results of the analysis are sent to the CM (communication module) which prepares and sends the appropriate messages and alarms to the involved actors (see Figure 2) . The system is robust in order to deal with those situations where no data are registered on time, such as the patient not answering the questionnaires when required or the system being unable to save the data that were generated, etc. In these cases, the PPM is able to perform a 2-point reasoning as described before, and the AM sends an alarm to the physicians indicating that the patient is not being assessed by the major depression monitoring system.
Communication Module
The CM is responsible for scheduling the registration of patient's data every 2 weeks, making the data available to the rest of the PAU modules, and transmitting the results of the monitoring process to those actors who are involved in the healing process, that is physicians, psychiatrists, and patients. As shown in Figure 5 , this module provides four hierarchies of communication: semaphore, alerts, reports, and alarms. The highest level of the hierarchy, the semaphore, is visible for all actors involved in the system. A green light means that the patient is progressing adequately, indicating to the physicians that no further action is needed. A yellow light means that the patient is doing well but there is the possibility in the near future that the progress of the patient suffers a recess. In this case the primary care physician should closely observe the patient. An example of a yellow light could be when the PPM gives as output that the patient is improving quickly but a terrible life event, captured by the Brugha questionnaire, occurred recently. In this case the AM concludes that a yellow light is the adequate alert level and sends this information, plus the reasoning performed by the model, to the CM. A red light represents an alarm meaning that the patient is not doing well and that physicians need to take actions, such as to have a personal interview with the patient to asses him/her more deeply, change the patient's medication, increase the dosage of a medication, etc. The format of the hierarchical levels, alerts, reports, and alarms, are presented as a set of text messages that explain the reasoning process carried out by the AM but with different language, priority, and detail depending on the level and type of the actor to whom the information is sent.
The different messages to a particular actor can be inhibited or activated depending on the system requirements specified by psychiatrists and primary care physicians. Alerts are activated each time the patient is responding to the questionnaires. In accordance with the light's color, the alert shows important information needed to interpret the light properly, and is specific to each actor. In order to satisfy efficiency of information delivery, alerts are produced dynamically through a defined structure to prepare the most suitable sentences that are rich in content without being repetitive. Reports explain in an extensive and detailed way the inference performed by the rule-based system defined in the AM, adapting the set of messages to each recipient. The reports are available upon request. Alarms inform psychiatrists and physicians about critical states that require taking specific actions and are transmitted rapidly by means of SMS, e-mail, etc.
Results and discussion
In this section, six hypothetical and clinically approved patient scenarios are described and the results of the PAU model for these cases are presented. All of these scenarios are inspired by experiences of psychiatrists collaborating in this study. This set of hypothetical patients has been defined in order to perform a rich and complete scenario evaluation. Each of these patients is monitored with the PAU and the four hierarchical levels that the CM offers, meaning that semaphore, alerts, reports, and alarms have been analyzed by the psychiatrists of Parc Sanitari Sant Joan de Déu. Based on this test, they have agreed that the proposed major depression remote monitoring system model promises to be a useful tool for monitoring patients and following their healing process.
Scenario #1: A patient who responds to medication in the first weeks.
Antidepressant therapy as a treatment has different effects on different people. Usually, if patients respond to a specific type of antidepressant, which means showing a reduction of 5 points in their overall rate of the PHQ-9, it would occur between weeks 4 and 8 from the time they started treatment. Although some factors might influence the duration of this period, in the best-case scenario the patient responds to the prescribed antidepressant sooner. Case #1 is considered a best-case scenario patient that heals continuously, except for a worsening in week 14. The semaphores provided by the monitoring system every 2 weeks are shown in Figure 6 , representing the progress path of the patient during the 48 weeks of treatment. Table 3 presents the set of messages associated to the progress of patient #1. The first column shows the number of weeks from the start of treatment and follow-up. The second column lists the overall rate of the PHQ-9. The third column describes the treatment stages the patient goes through. The last two columns show the outputs of the monitoring system, first the semaphore light, and second the messages to the patient. In this scenario only the messages to the patient are shown in order to keep the table to a manageable size. In the rest of the scenarios proposed, messages for psychiatrists will also be displayed. In this case, the messages for the patient are messages of encouragement. The patient is taking the medication adequately and the treatment is working well. Therefore, no red lights show up and no alarms are sent to the psychiatric unit. 
Scenario #2: A patient who does not respond to medication in the first weeks
This scenario shows a patient that does not respond to the antidepressant medication prescribed by his/her physician during the first 8-week period. This scenario represents a typical case of a woman in her post-menopause stage of life. According to clinical literature, menopausal status and old age are predictors of a poor response to antidepressant treatments [44] . Psychiatrists take action by changing the type of antidepressant and immediately the patient shows a positive response to the new medication. Figure 7 shows the progress of the patient through the visualization of the semaphore lights involved in the healing process. Table 4 presents the set of messages associated to the progress of patient #2. The organization of the table is exactly the same as Table 3 (patient #1). The messages shown are intended for the patient. As in the previous patient, the messages offer continuing encouragement, however, in this case at week 8 a warning message is sent to the patient asking that the doctor be contacted. Although it is not shown here, due to space limitations, the physicians receive an alarm through SMS or e-mail indicating the updated status of the patient. The doctor decides to change the medication and use a different antidepressant for this patient after receiving the results from the 8-week assessment. The new medication works well and the depression is overcome at week 22. 
Scenario #3: A patient with one overcome relapse risk
This scenario represents a patient who is initially responding to antidepressant treatment, but suddenly stops taking medications; the sudden stop could be for any number of reasons. As a result, the patient faces a relapse condition. Due to the close monitoring provided, GPs and/or psychiatrists would be able to quickly detect the change and make an informed decision about the medication, for example should they prescribe a different antidepressant that does not have the same side-effect profile as the first medication. Figure 8 shows the visual progress of the patient's healing process through the semaphore lights. Table 5 presents the set of messages associated with the progress of patient #3. The structure of the table is the same as those of the previous patients'. In this case, the messages shown are those established for psychiatrists. The alerts are continuously indicating to the psychiatrists the situation of the patient, such as improving adequately, improving rapidly, worsening rapidly, risk of relapse, etc. This information is given to the doctors every 2 weeks. From week 22 to week 32 the monitoring system sends alarms to the doctors that warn them of the possibility and risk of a relapse. Psychologists take action and decide to change the antidepressant. The new treatment is effective and from week 28 the patient starts improving. However, as can be seen in Figure 8 , in week 30 the semaphore is still red although the patient is improving. The red semaphore is due to the fact that although the patient had an improvement in week 30 compared to week 28, when that improvement is compared to week 26 there is very little overall improvement. Therefore, the situation is still not stable. The yellow light in week 32 is due to the past week's red alerts. This information is crucial to the physician's ability to make the appropriate decision at the appropriate time. relapse that he/she is able to overcome. The symbols represent the different lights of the semaphore, round = green; square = yellow; triangle = red. The abscissa corresponds to the accumulated weeks of treatment and the ordinate stands for the overall rate of the PHQ-9 
Scenario #4: A patient with residual depressive symptoms
This scenario shows a patient who is improving until week 20, then, due to a serious lifethreatening event in week 12, the loss of a loved-one, the patient is not cured completely and ends up with residual depressive symptoms after 48 weeks despite continued use of medication. In this scenario, the patient experiences a serious relapse from week 22 as an effect of the recent loss of a loved-one. Since the patient's PHQ-9 level is still in the range of consolidated response (CR) to medication and the patient does not get worse, the semaphores are yellow. In spite of the fact that the physician augments the doses of the antidepressant and prescribes psychotherapy treatment as a complementary method, the patient remains in a state of depression with residual symptoms until the end of the monitoring. Figure 9 describes visually the progress of the patient using the semaphore lights that are the output of the monitoring system. Fig. 9 Visual progress of Patient #4 during treatment at home. The patient remains in a state of depression with residual symptoms. The symbols represent the different lights of the semaphore, round = green; square = yellow; triangle = red. The abscissa corresponds to the accumulated weeks of treatment and the ordinate stands for the overall rate of the PHQ-9 Table 6 presents the messages to the patient related to his/her situation indicating that in the last months there is no change while the patient is in the possible relapse state. 
Scenario #5: A patient that has several changes in the different phases
This scenario represents a patient who sometimes responds to medication and improves, and sometimes worsens and reverts to previous stages. The first worsening had no specific reason and since it did not continue it had no effect on the procedure other than alerting the physicians to be cautious concerning the patient. It was more of a mood change and does not have any major importance. The second worsening lasted longer than the first and grabbed the attention of the physicians. A change in the medication dosage was made and the patient began to improve again. After improving for few weeks, around weeks 34 and 36 the patient stops taking the medication and as a consequence experiences a relapse. The treatment period ends without patient recovery. Figure 10 offers a visual representation of the semaphore lights that described the progress of the patient #5. Table 7 presents the messages to the patient related to his/her situation indicating that it is very important that he/she continues taking the medication and when it is important that he/she gets in touch with the physicians. 
Scenario #6: A patient with three consecutive relapses
This scenario represents a patient that experiences two relapses during his/her recovery process and eventually ends up not fully recovered and with medium symptoms. The first relapse is due to the occurrence of a life-threatening event in the patient's life, job loss. In a few more weeks the patient falls into another full-blown depression and the physician prescribes him/her a higher dosage of antidepressant. After a few intakes the effectiveness of the medication becomes clear, but the patient has problems with the side effects of the treatment and quits taking the medication. This is the reason why in week 46, patient #6 has a worsening condition and a risk of relapse. Figure 11 shows the output of the major depression monitoring system semaphore clarifying the progress of the patient during the entire treatment process. Table 8 presents the messages that he monitoring system offers to the psychiatric unit in order to facilitate the monitoring of the patient's progress and to make decisions when necessary. In this case, the alerts inform the physicians when things are not going well, for example in week 12 when there is a yellow light, a message indicating that the patient is responding to medication but is showing stagnant progress will be sent to the physician. The monitoring system also sends alarm messages to psychiatrists for this patient because several red-light situations occur. The alarms can indicate when the relapses start, grow, or stop. The Patient Assessment Unit is implemented as prototype software with both web and mobile interfaces. PPM, AM, and CM, and the database of the system are all implemented using java, Mysql, RESTFUL, and Android technologies. The functionality of each prototype of each module has been separately tested and currently PAU is in its last stage of the integration process.
As commented before, we think that the PAU model could be of high usefulness when applied to Public Health Systems, reducing medical costs and enhancing the follow-up of the progress of patients. However, we also think that the proposed PAU model can be developed by clinicians using low-cost methodologies as the ones describe by Zhang et al. [45] . In this sense, a single doctor could develop a PAU app and use it to their own patients in an easy and effective way.
PAU Limitations
In this section the main limitations of the proposed Patient assessment unit (PAU) model are reviewed.
First, suicide is a major risk in patients suffering from depressive disorder. A single question from the PHQ-9, used in the Patient Progress Module (PPM), does not have adequate sensitivity and specificity. Although the Analysis Module (AM) uses as part of its reasoning the M.I.N.I. suicide risk questionnaire in order to detect suicidal intentions when a patient gives the highest value to question 9 of PHQ-9 (i.e., thoughts that you would be better off dead or of hurting yourself in some way), we think that it can be interesting that a future PPM includes a validated measure such as the six-item Suicidal Affect-Behavior-Cognition Scale (SABCS) to perform individual evaluation on affect, behavior and cognition related to suicide risk [46] . Second, the PPM lacks of therapeutic component. Therefore, it would be necessary that a future PPM should be able to incorporate the psychotherapeutic component. Evidence based psychotherapy such as cognitive behavior therapy can be delivered via internet for a long duration and such intervention is cost-effective [47] .
Conclusions and Future work
Major depressive disorder is a very common mental disorder worldwide which can seriously affect a person's health, wellbeing, and life. Depression is a long-term condition and it is widely known for its recurrent characteristic. More systematic and frequent follow-up approaches in public healthcare systems could reduce the risk, or help in the early detection, of relapse and recurrence in major depressive patients, therefore, contributing to public well-being. A major depression monitoring system that takes advantage of current technologies, facilitates a more comprehensive follow-up of the progress of patients during their home stay after being diagnosed with major depressive disorder by a medical specialist. It is important to note that the monitoring system does not intend to substitute the physician or the psychiatrist, but rather it gives extended information about the changes suffered in patients, which doctors do not usually have access to due to the infrequency of visits they are able to make with each patient in relation to clinical assistance pressure that Public Health Systems often suffer.
The major depression monitoring system covers this necessity by taking advantage of its patient assessment unit that follows the progress of the patients in a short-term basis during their recovery in order to understand their common behaviors and provide advice to these patients, their psychiatrists, and their primary care physicians. In this paper, the Patient Assessment Unit (PAU) is presented and tested by means of a set of hypothetical patients that have been defined based on clinically possible cases in order to perform a complete scenario evaluation. The application of the PAU to this set of hypothetical patients suggests the utility of the platform that has been verified by the psychiatrists of Parc Sanitari Sant Joan de Déu involved in this study. The next step is testing the model with real data collected from real patients. In this respect, PAU is now being implemented as a Mobile App and a website. This will allow the refinement of the PAU following the comments and suggestions of the patients, general practitioners, and psychiatrists.
